This study aimed to determine the usefulness and validity of the triaging scale used in our emergency department (ED) by analysing its association with surrogate clinical outcome measures of severity consisting of hospitalisation rate, intensive care unit (ICU) admission, length of ED stay, predictive value for admission and length of hospitalisation.
INTRODUCTION
Triage is a systematic approach of prioritising patients' treatment based on the severity of their presenting condition. It also acts as a predictor for the nature and scope of care likely to be required. (1) It is a crucial 'safety net' in a busy and often overcrowded emergency department (ED). An effective triage system allows critically ill patients in need of life-supporting treatment to be accurately identified. Correspondingly, it safely identifies less urgent patients who can wait in line for consultation. (2) Finally, as with any robust clinical stratification tool, reproducibility is a key component of an effective triage system, whereby the allocation of triage level should be consistent among the various healthcare professionals working in the ED. (3) Many different triage tools have been reported in the past. Among these, the Emergency Severity Index (ESI), Manchester Triage System (MTS), Australasian Triage Scale, and Canadian Emergency Department Triage and Acuity Scale are the most widely used. (4) (5) (6) (7) The Singapore Paediatric Triage Scale (SPTS), currently used in our local tertiary paediatric hospital, is a fourlevel triage system. Patients are triaged by trained nurses based on three fundamental aspects: quick initial impression of illness severity using the Pediatric Assessment Triangle (PAT); historytaking and evaluation of the presenting complaint; and assessment of behaviour and age-related physiological measurements. The Severity Index Score (SIS) is incorporated into this assessment to determine the urgency of care. (8) The SPTS was initiated in 1997 and has since been revised to the current version.
Although validated assessment tools have been incorporated into the local paediatric triage system, studies have shown a growing concern regarding the validity and reliability of triage scales. (9) This is especially so for paediatric patients due to their limited ability to communicate their complaints. Consequently, nurses often have to rely on caregivers' perceptions when performing triage. This may result in an inaccurate assessment of the child's actual clinical status, as paediatric disease presentations often differ greatly from those of adult patients. (10) Insufficient standardisation of triage scales and systems also leads to the use of paediatric scales with ambiguous validity. (11) A valid and reliable triage system can help to improve ED operation and patient throughput. (12) (13) (14) However, to our knowledge, the performance of the local triage system has not been formally assessed in a study. To address all these concerns, the present study was done to evaluate the performance of the triaging scale used in our ED by analysing its association with the following surrogate clinical outcome measures of severity: hospitalisation rate, intensive care unit (ICU) admission, length of ED stay, predictive value for admission and length of hospitalisation.
METHODS
This was a retrospective observational study in which all children who were triaged and attended to at the paediatric ED at KK Women's and Children's Hospital, Singapore, from 1 January 2014 to 31 December 2014 were included. The hospital's
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During the study period, all patients presenting to the ED were triaged by a registered nurse who was trained in the triage system. To perform triage, all nurses are required to: (a) have more than one year of working experience in the paediatric ED; (b) undergo a structured triage training programme for one month; (c) be satisfactorily evaluated by the nurse clinician and senior physicians in the department; and (d) complete a log of 200 supervised patient cases over a three-month period.
Upon the patient's presentation to the ED, the triage nurse first assessed his/her general appearance, work of breathing and circulation status using the PAT, a validated tool that facilitates rapid assessment of paediatric patients at all levels of illness and injury using visual and auditory cues. Studies have shown that the PAT is a reliable tool for the identification of critically ill children. (11) Additionally, it has demonstrated high predictability of a child's clinical status upon further evaluation. (11) Together with the assessment of triage complaint, vital signs and the SIS, (8) patients were categorised into four acuity levels -Category 1 (Resuscitation), Category 2 plus and Category 2 (Non-resuscitation), and Category 3 (Less urgent, Emergency). Table I illustrates the four categories of the SPTS.
The performance of the triage system was evaluated based on its predictive value for admission, relationship with admission rate, level of hospitalisation care required, length of ED stay and length of hospitalisation. Data was retrieved retrospectively from the Online Paediatric Emergency Care system (Eutech Cybernectics, Singapore), which is used for patients' care from initial triaging to final disposition, including electronic prescription submission to the pharmacy. The data included age at presentation, gender, mode of arrival, reason for attendance (trauma or non-trauma), triage severity level (Category 1, Category 2 plus, Category 2 or Category 3), time and shift of arrival at the time of registration, and final disposition. The final disposition included discharge, admission (general care ward, high dependency [HD] ward or ICU), death on arrival and others (absconded and discharge against medical advice). Case definition for trauma included any head injuries from fall, vehicular accidents (including motor and nonmotor vehicles), assaults and burns. Hospital admissions (overall, ICU and HD ward) were used as the primary outcome measures. The secondary outcome measure was length of hospitalisation. The study was approved by the SingHealth Centralised Institutional Review Board, with waiver of informed consent.
All data was imported directly into an Excel 2010 spreadsheet (Microsoft, Richmond, WA, USA) and analysed with STATA software version 11.2 (StataCorp, College Station, TX, USA). All categorical data was described with counts and percentages. Skewed continuous data was described with medians and interquartile ranges (IQRs). Primary analysis of triage level and hospitalisation rate was done for all hospital and ICU admissions. The positive and negative predictive values for hospitalisations of the different triage acuity levels were calculated. Frequency histograms of length of hospitalisation were plotted for the different triage acuity levels. Correlation between triage level and dichotomous outcomes was evaluated using chi-square test. Non-parametric comparison of multiple groups was done with the Kruskal-Wallis test.
RESULTS
During the one-year study period, there were a total of 172,933 ED attendances. The baseline characteristics of the patients are presented in Table II . Median age was 3.3 (IQR 1.4-6.8) years and there was a slightly higher proportion of boys (55.9%). The less urgent Category 3 patients accounted for a majority of the attendances (57.8%), while the severe Category 1 patients consisted of only 2.3%. Out of all the attendees, 28,559 (16.5%) children were admitted for continual care.
Trauma-related patients made up 15.6% (n = 26,894) of the attendances. Among the trauma patients, only a small number • Infants < 6 mth old GCS: Glasgow Coma Scale; SIS: Severity Index Score (n = 629, 2.3%) were in Category 1 and another 5,220 were in Category 2 plus (19.4%). On evaluating the performance of the triage system, for admissions, it was found that triage acuity level 1 had a strong positive predictive value of 79.5%, while triage acuity level 3 had a strong negative predictive value of 93.7% (Table III) . Only 6.3% of Category 3 patients were admitted as compared to 79.5% for Category 1 (chi-square test; p < 0.001).
The triage acuity level correlated well with the need for ICU admissions (Fig. 1) , with 204 (5.1%) patients triaged at triage acuity level 1 requiring ICU admissions overall. This was significantly lower for patients in the other triage categories. Of all the patients triaged at Category 3, only one was directly admitted to the ICU and seven were eventually transferred to the ICU after management in the wards, making it a total of 8 (0.008%) patients triaged at Category 3 who required ICU admission. These eight patients are discussed in Table IV. The triage acuity level also correlated well with the need for HD ward admissions, with 12.30% of patients triaged at triage acuity level 1 needing admission to the HD ward. Only 0.02% of all triage acuity level 3 patients required HD admission.
Although the triage acuity level predicted the need for hospitalisation, the median length of hospitalisation was similar across the different triage acuity levels. However, a statistically significant difference between the triage acuity level and length of hospitalisation was present, demonstrating at least a difference between two categories (Kruskal-Wallis test; p < 0.001). Patients across all triage acuity levels had a median stay of 2 (IQR 1-3) days. Fig. 2 shows the frequency distribution of the length of hospitalisation for patients in the different triage acuity levels.
DISCUSSION
The present study shows that in our local population, the SPTS is strong in predicting the need for hospitalisation and ICU care. Triage acuity level 1 had a strong positive predictive value of 79.5% for all admissions and accounted for 85.8% of all initial ICU admissions. Conversely, the lowest acuity level of 3 had a strong negative predictive value of 93.7%. Only 0.008% of our Category 3 patients were admitted to the ICU. Our results are similar to a multicentre database study done in 12 Canadian paediatric EDs -79% of patients who were triaged as resuscitation or emergent were admitted to the ICU and 0.9% of non-urgent cases were hospitalised, of which less than 0.01% were admitted to the ICU.
(4) Our study contributes a different triage method comprising simple assessment tools that combine well to provide an effective triage scale.
The aim of triage is to identify patients who need to be seen urgently and our results supported the fact that critically ill paediatric patients were identified accurately at the initial presentation, where 97.5% of initial ICU admissions and 92.7% of all eventual ICU admissions were from Category 1 and Category 2 plus according to our triage system. This suggests that the triage system is safe in terms of the primary outcome of admissions (overall and ICU).
Other triage tools have demonstrated similar strong associations between triage levels and surrogate markers of clinical severity in children. Baumann and Strout reported a high correlation between triage levels assigned using ESI and hospital admission rate, length of ED stay and resources used.
(10) Similarly, Roukema et al evaluated the ability of the MTS to identify true emergencies. (6) Based on their sample of 1,065 patients, the authors found that the MTS had a sensitivity of 63% and specificity of 78% to identify true emergencies. (5, 8) Our initial disposition rate for patients during the study period was 82.5% discharged home and 16.5% hospitalised. Our discharge disposition rate was similar to the 85% discharge rate from a study conducted in 12 Canadian paediatric EDs. (4) It is important that a triage scale is able to effectively detect the ill child from the well child. This will reduce the chance of prolonged waiting for a wrongly triaged child and delayed treatment for an emergency case. Systems that have a low predictor of admission or discharge and a large proportion of under-triage are unsafe. Overall, our results demonstrate that the SPTS used in our institution is strongly associated with the need for hospitalisation and admission to the cardiac intensive care unit, and also predicts discharge from the ED.
This study was not without limitations. This was a retrospective study and potential biases existed. Although its retrospective design reduced potential biases among the triage nurses and ED doctors who participated in the study (Hawthorne effect), the absence of physician blinding to the triage level may have influenced their decisions for admission. Also, although the results demonstrated a statistical difference between the different triage levels and the need for hospitalisation, the median length of hospitalisation was similar across all triage levels despite its statistical significance between groups. The validity of our triage system could be further evaluated by correlating the triage acuity level with ED and inpatient resource utilisations, which have previously been used in other studies as surrogate outcome measures for validity. (1, 5, 8, 9) There is no consensus on the gold standard for assessing triage systems. We based our assessment on previous published studies and derived our results from previously used acceptable standards. They mainly served as surrogate markers of triage validity. As with any robust clinical stratification tool, reproducibility is the key component of an effective triage system. (3) In addition, the assessment tool must demonstrate invariable results on repeated measurements and reflect the genuine urgency that it is intended to measure. (5) The inter-and intra-rater reliabilities could be tested to establish the reproducibility of our triage system. Finally, our 
7/male
Presented with fever and cough, and admitted for pneumonia. Later discovered to have congenital diaphragmatic hernia. He was admitted to CICU after operation.
16/female
Presented with headache and vomiting. Neurological examination was normal at triage. She developed unsteady gait in the ward and brain CT showed medulloblastoma. She was transferred to CICU after operation.
3/male
Presented for a second opinion to investigate a neck lump. Chest radiograph showed a mediastinal mass. He underwent lymph node biopsy and portacath insertion, and was admitted to CICU after operation. 7 10/male Presented with vomiting and fever. He was diagnosed with diabetic ketoacidosis and started on intravenous insulin. He was initially admitted to HD ward, and subsequently transferred to CICU for arterial line insertion and monitoring. 8 
10/male
Presented with fever and cough for 5 days. Vital signs and examination were normal at triage. Full blood count showed blasts with hyperleucocytosis. He was admitted to PICU for monitoring of tumour lysis syndrome.
CICU: cardiac intensive care unit; CT: computed tomography; GCS: Glasgow Coma Scale; HD: high dependency; ICU: intensive care unit; PICU: paediatric intensive care unit study was done in a single centre, which may have limited the generalisability of the results. However, as KK Women's and Children's Hospital is the main children's hospital of Singapore, our cohort could be taken to represent the majority of the paediatric emergency visits in Singapore.
In conclusion, our results demonstrated that the SPTS is a valid tool for use in our paediatric emergency setting. This was supported by a strong performance in important patient outcomes, such as hospital admission, ICU admissions and length of ED stay. The validity of the SPTS would need to be further evaluated in multiple settings and populations to increase its validity and generalisability.
